At the end of pregnancy, the myometrium becomes extremely sensitive to oxytocin (OT) as result of a dramatic increase in the number of OT receptors (OTR), indicating an important role for OTR in the process of labor. There are no studies in sheep in which the physical properties and histological distribution of OTR are evaluated in relation to parturition. Also, no studies have been performed in any species to simultaneously examine the distribution of OTR at the messenger RNA (mRNA) as well as the protein levels in the same tissues and correlate those changes with the patterns of myometrial activity that occur at labor. In the present studies, we have used a polyclonal anti-OTR antibody and Western blot analysis to determine the apparent molecular mass of ovine OTR in late pregnant sheep myometrium and endometrium. We also examined the distribution of OTR mR.NA and protein expression in the intact myometrium and endometrium and in individual cultured cells using in situ hybridization and immunocytochemistry.
trial and endometrial extracts revealed a major form of OTR with an approximate molecular mass of 66 kDa. Both immunocytochemistry and in situ hybridization localized OTR and its mR.NA in myometrial cells and glandular cells of the endometrium. Increased OTR and its mRNA expression in the myometrium and endometrium were correlated with the occurrence of myometrial contractions. OTR was also demonstrated by immunocytochemistry in the smooth muscle of myometrial blood vessels.
Localization of OTR and its mFtNA in pregnant sheep myometrial cells is consistent with the hypothesis that OTR plays an important role in regulating myometrial contractility. Positive staining of OTR in endometrial glandular cells supports the view that OT is involved in PG production by the endometrium in late pregnancy. Increased expression of OTR and its mRNA in the myometrium during labor further indicates that changes in tissue OTR play a significant role in the mechanism of parturition. Increased expression of OTR and its mRNA in endometrium may relate to the role of OT in regulating PG production by the endometrium during labor. (Endocrinology 137: 722-128,1996) 0 XYTOClN (OT) plays a major role in the increase in myometrial contractility observed during labor at term. OT receptor (OTR) number, as measured by binding assays, increases in late pregnancy and during labor in both the myometrium and endometrium (l-4). In addition, the level of OTR messenger RNA (mRNA) measured by Northem blot analysis increases dramatically during labor in the pregnant sheep myometrium and endometrium (5). OT may exert its action on endometrial and myometrial cells as a result of changes in both the number of OTRs in the target cells and the concentration of OT in the circulation. Evaluation of the regional distribution of OTR is critical to analysis of the role of OTR in the regulation of the function of the various tissues of the uterus. Although changes in OT-specific binding sites have been extensively studied using ligand binding assays, the assessment and characterization of the cells that produce and express the OTR have been limited by the lack of a specific and sensitive anti-OTR antibody. Re-cently, the OTR gene has been characterized, and distribution of OTR mRNA expression has been examined in histological sections of human endometrium by in situ hybridization (6). However, there have been no studies that have correlated OTR gene expression with distribution of OTR protein in relation to the well characterized changes in myometrial activity that occur during labor in any species. The sheep has been extensively investigated in late gestation to evaluate the electrical and mechanical changes that take place at the end of pregnancy. However, neither the physical properties of the OTR nor its synthesis and distribution in the pregnant sheep myometrium and endometrium have been described.
Recently, an OTR antibody has been generated against the third intracellular loop of the rat OTR sequence (7). In the present studies, we examined the cellular distribution of OTR mRNA in relation to its protein expression in both the pregnant sheep myometrium and endometrium. We also evaluated the cellular localization of OTR in endometrial and myometrial cells cultured in vitro. Finally, we determined the apparent molecular mass of ovine OTR in both the myometrium and endometrium by Western blot using a polyclonal anti-OTR antibody and correlated the changes in OTR and its mRNA with precisely evaluated recording of the changes in myometrial contractility that occur during labor. 
Controls
Serial sections were treated with pancreatic ribonuclease A (20 pg/ ml) for 30 min at room temperature before hybridization procedures. After enzyme pretreatment, the sections were rinsed in three changes of 2 x SSC (5 min each) and hybridized with the labeled probe, as described above.
Cell dispersion
Myometrium and endometrium were washed twice in HBSS without FBS supplement.
The endometrium was gently removed with fine forceps and scissors, and the separated myometrium and endometrium were rinsed in HBSS and cut into IO-mm pieces. The myometrium and endometrium were incubated for 1 h in a water bath at 37 C in 10 ml HBSS containing 300 II-J/ml collagenase (type I-A, Sigma) with gentle shaking.
The digested myometrium and endometrium were gently triturated in HBSS with 0.1% BSA (Sigma). The cell suspension was filtered through a double 53-pm nylon mesh and centrifuged at 300 X g for 10 min. Myometrial and endometrial cells were then resuspended in DMEM medium containing 10% FBS and 1% penicillin-streptomycin (Life Technolopies) and ulated at a densitv of 1 x 104/ml in eight-well chamber slides: The cells were cultured fo; 24 h at 37 C in a h&id&d atmosphere of 95% air-5% CO, to allow attachment of the cells to the slides.
The culture medium was then aspirated, and the cells were washed twice with PBS. The slides were stored at -80 C until they were processed for immunocytochemistry.
Western blot 
Results

Western blot
As shown in Figs. 1 and 2, after Western blot analysis, anti-OTR antiserum stained a protein with an approximate molecular mass of 66 kDa in both the myometrium and endometrium. This staining was abolished by incubation with the preabsorbed OTR antiserum or by replacing the OTR antiserum with normal rabbit serum (Fig. 1) . Only one major protein species reacted with this OTR antiserum in either myometrium or endometrium (Figs. 1 and 2 ples collected during glucocorticoid-induced labor (P < 0.05; Figs. 2 and 3 ).
Northern blot analysis
Northern blot analysis was used to validate the ovine OTR cDNA probe before using it for the in situ hybridization studies and to measure the changes in OTR mRNA level before and during glucocorticoid-induced labor. Hybridization occurred between the 32P-labeled OTR cDNA probe and the OTR mRNA from ovine myometrium (Fig. 4) . There was only a single RNA transcript at 6.6 kilobases, which hybridized with the OTR cDNA probe. OTR mRNA increased significantly (P < 0.001) during glucocorticoid (dexamethasone or betamethasonej-induced labor (Figs. 3 and 4 ). In situ hybridization and immunocytochemistry
The specific signals indicated by the silver grains formed by hybridization of the OTR cDNA probe with OTR mRNA were localized on myometrial cells (Fig. 5A) as well as on the glandular cells of the endometrium (Fig. 5B) . In both the histological sections as well as the dispersed cells, the staining for OTR was mainly localized in the cytoplasm of myometrial cells (Fig. 5, C and E) and epithelial cells of the glands (Fig. 5, D and F) . Intensive staining for OTR was also observed on the smooth muscle cells along the blood vessels (Fig. 5G) . No specific signal was detected on the sections pretreated with ribonuclease. Incubation of tissue sections with the normal rabbit serum or preabsorbed OTR antiserum abolished the specific immunostaining. The stromal cells of the endometrium occasionally showed light immunostaining for OTR.
Discussion
OT is the strongest uterotonic agent known. Although OT is used extensively to induce labor and control postpartum hemorrhage, the precise role of endogenous OT in the initiation of parturition remains unclear. This dilemma in part arises from the lack of consensus about whether the rise in OT in the maternal circulation precedes the actual onset of labor (14). This dilemma is compounded by the arbitrary allocation of a timing for the onset of labor. Currently, a range of characteristics is selected differently by different investigators from among a multifactorial group of interconnected events. These events themselves are regulated by an equally large group of changes that occur in a closely knit sequence as pregnancy progresses. For example, in human term labor as well as in many experimental animal paradigms it has not always been possible to precisely relate fluctuations in the maternal plasma OT concentration to one of the major critical changes that indicates labor, namely the change in patterns of uterine activity that occurs in late pregnancy. In three species of nonhuman primates, for example, it has been shown that myometrial activity switches from low grade contracture activity to contraction activity and back again for several nights before delivery occurs (15-18). Because of the difficulty of following these subtle changes both clinically and experimentally, it has proved difficult to determine whether the increase in circulating concentrations of OT is a physiological initiator of labor. However, a role for OT in the process of labor does not necessarily require an increase in circulating plasma OT concentrations. It is also possible that OT produced locally by endometrium (19) or chorio-decidua (20) exerts its action by means of a pathway different from the classical hormonal pathway. Several studies have demonstrated that myometrial sensitivity to OT is enhanced dramatically during parturition. This increased sensitivity to OT is believed to result from an increase in the concentration of OTR (5, 21, 22) . Previous studies have extensively characterized the OTR in uterine membrane homogenates by receptor binding assays; however, the histological distribution of OTR in late gestation has not been examined. In addition, the physical properties of the OTR have not been described. Understanding the cellular and tissue distribution of the OTR provides valuable information regarding the underlying mechanism of both the regulation of OTR and its action in the pregnant sheep uterus.
We have simultaneously examined OTR mRNA and OTR protein in the pregnant sheep myometrium and related these changes to the onset of labor induced with two different glucocorticoids. The elevated OTR mRNA concentrations in OTR IN PREGNANT OVINE UTERUS Endo. 1996 pregnant sheep myometrium associated with labor confirms our previous observations (5). In the present study we have shown that there is a concurrent rise in OTR protein at the same time as this increase in OTR mRNA. These results are consistent with our previous hypothesis that the increased response of sheep myometrium to OT during labor, indicated by the elevated levels of OTR, will promote the effect of OT on the myometrium and contribute to the action by which OT exerts its influence during the process of parturition. The mechanisms that up-regulate OTR production during labor are not very well defined. Several studies have demonstrated that estrogens (1,22,23) and glucocorticoids (24) have positive effects in up-regulating myometrial OTR, whereas progesterone (23,25,26) and OT (27,28) can down-regulate OTR. It is, therefore, likely that the sharply increased maternal estrogen concentration (29) and the fall in progesterone that occurs immediately before parturition are together responsible for the induction of OTR expression during labor in the pregnant sheep.
In the present study, we used a new OTR antibody to immunolocalize the OTR in the pregnant sheep myometrium and endometrium. We have validated this OTR antiserum by Western blot, showing that the antiserum specifically hybridized to a protein and that the hybridization was abolished by preabsorbed OTR antibody. Previous studies based on photoaffinity cross-linking and electrophoretic analysis of the purified OTR from two-step chromatography have shown that the functional size of OTR in rabbit myometrium and amnion is 65 kDa (30). An additional band with a molecular mass of 50 kDa was also present in the rabbit myo-metrium (30). The apparent molecular size of the OTR we observed in pregnant sheep myometrium and endometrium was about 66 kDa, in close agreement with the size estimates of the rabbit and rat mammary gland OTR (31). The molecular size of ovine OTR reported here is bigger than that in human OTR (42.7 kDa; 388-amino acid polypeptide) deduced from the cloned human OTR gene sequence (321. However, the mRNA of ovine OTR determined by Dr. Flint (12) and by us (5) is 2.3 kilobases longer than the OTR mRNA from human uterus. This increased size of ovine OTR compared with human OTR partly results from the additional sequence inserted in the 5'-end of the OTR mRNA. The complete structure of the ovine OTR gene sequence has not been analyzed. Different splicing mechanisms for immature OTR mRNA or different structures of the OTR gene may exist in different species. Such differences would explain the existence of OTR proteins of different sizes observed in different species.
Determination of the precise distribution of OTR in pregnant sheep myometrium and endometrium is essential for a complete understanding of the action of OT in its different target tissues. Specific immunostaining for OTR was mainly associated with myometrial cells in pregnant sheep myometrium, whereas in endometrium, the glands comprised the main site for OTR immunostaining.
These results provide histological. evidence supporting a biological function of OT in sheep uterus. OT appears to stimulate myometrial contraction by two parallel mechanisms. The first mechanism involves direct activation of OTR on myometrial cells, with a resultant change in intracellular calcium concentrations and increased myometrial contractility (33). The second mechanism involves indirect stimulation of contraction through the release of stimulatory PGs from the endometrium (3437). The demonstration of OTR at both of these sites of action and the increased OTR in endometrium during labor further supports these mechanisms, as it is well documented that the interaction of OT with its receptor is essential for the transduction of OT's effects on its target cells. It was also of considerable interest to observe intense OTR immunostaining in the smooth muscle of medium-sized blood vessels. We hypothesize the OT might act on these receptors to prevent postpartum hemorrhage.
Using in situ hybridization, OTR mRNA was identified in myometrial and glandular cells in the pregnant sheep uterus, confirming the distribution of OTR protein found in immunocytochemical studies. The present study is the first to localize OTR mRNA in the pregnant sheep uterus by in situ hybridization. In situ hybridization of OTR mRNA signal in sheep endometrium was localized mainly in the glandular epithelial cells, consistent with the earlier report that OTR mRNA was expressed in glandular epithelial cells, but not observed in stromal cells (6). However, in contrast to our immunocytochemical and in situ hybridization observations, autoradiographic binding assays have shown that oxytocinbinding sites were also present in the stromal cells (38) (39) (40) (41) . This difference in OTR distribution may be due to the presence in the stromal cells and glandular cells of binding sites for OT that have a modified biochemical structure and demonstrate binding by autoradiography but do not react with our antibody.
In conclusion, these results identify, for the first time, the precise localization of OTR and its mRNA within the pregnant sheep uterus and provide histological evidence for the physiological roles of OT in regulating myometrial contractility and endometrial PG production in the pregnant sheep uterus. The observed increased expression of OTR and its mRNA in myometrium and endometrium during labor further indicated that OT and its receptor are directly involved in the process of parturition in pregnant sheep.
